. Quaternary stratigraphy of northern Germany (modified after German Stratigraphic Commission, 2016; cf. Bittmann et al., 2018). nels and basins, but also locally distributed across central Mecklenburg and the eastern adjacent area between Anklam and Neubrandenburg. Throughout the "Holsteinian Complex", fluvial deposits of southerly provenance are intercalated von Bülow, 2000) .
The Saalian Complex (300-126 ka)
Above the late Holsteinian deposits, silt layers occur at several localities with a pollen spectrum indicating cold, arctic climate conditions. These silts are classified as the Fuhne cold stage (Fig. 1) . During the course of the first Saalian ice advance (MIS 6), coarse proglacial sands were deposited, increasing in thickness towards the south. A similar tendency has also been noted with regard to the respective Saalian till sheets . The "Drenthe" ice advance deposited a highly variable, frequently very thick qsDtill sheet, often containing lenses and rafts of redeposited allochthonous pre-Quaternary materials of Jurassic, Cretaceous and Tertiary ages. For large areas of MWP, this Saalian ice advance is responsible for the palaeo-morphology of the pre-Pleistocene substrate surface (Müller, 2004c) . In the easterly parts of MWP, the clay-rich qsD-till constitutes a characteristic marker unit, with its green to blue-green matrix (incorporation of Tertiary clay) and high flint content (Cretaceous). Further inland, a compact Saalian till sheet is present, which splits further to the south into two individual till layers (qsD, qsWA) , which may be separated locally by sand and gravel lenses possibly of englacial origin. Based on numerous drillings that have been sampled during the last 50 years, the conventional subdivision of the Saalian into a "Drenthe" and "Warthe" substage has proved to be valid (Fig. 1; Müller et al., 1995) . In the northeasternmost parts of MWP (e.g. Rügen), this qsWA-till forms the main unit of the Saalian glaciation. For example, on the island of Rügen and in the coastal areas of Western Pomerania, only a discontinuous layer of Saalian till has been found (on Rügen mainly of the "Warthe substage").
The Eemian Interglacial (126-115 ka)
At several locations in MWP, Eemian sequences are preserved. For example, the transition from the Saalian deglaciation into the early Eemian (including the initial Eemian marine transgression) is documented in a sequence at the cliff of Klein Klütz Höved west of Wismar (Strahl et al., 1994; Menzel-Harloff and Meng, 2015; Kenzler et al., 2018) . Furthermore, a lacustrine sequence comprising the complete transition from the Eemian into the Early Weichselian is well-documented at the outcrop "Hinterste Mühle" in Neubrandenburg Börner et al., 2018) , and the Eemian profiles of Banzin and Beckentin in the southwest of Mecklenburg have recently been investigated, yielding new palaeoecological and U-Th data (Börner et al., 2015; . Hence, the number of sites with proven lacustrine Eemian deposits has increased markedly during recent years.
Marine deposits of Eemian age are largely restricted to the present coastal areas (Menzel-Harloff and Meng, 2015; Börner et al., 2018; Kenzler et al., 2018) . Therefore, the palaeogeography of the Eemian Sea differs significantly from that of the Holsteinian Sea, and it closely resembles the recent land-sea distribution (Müller, 2004a) . The "Eemian Warnow bay" (Fig. 1) , where marine mollusc-bearing sands of Eemian age were deposited (Gehl, 1961; Müller, 2004b; Börner et al., 2018) , is an exception. Another relic of the Eemian Interglacial is the greenish-coloured reduction zone in the upper part of the "m1" till (qsWA) of the Stoltera cliff section NW of Rostock. This zone is interpreted as a result of Eemian weathering and pedogenesis (Ludwig, 1964) .
The Early to Middle Weichselian (115-27 ka)
The Lower and the beginning of the Middle Weichselian period are characterised by a repeated alternation of stadials and interstadials (e.g. Hermsdorf and Strahl, 2008) . The existence of an Early to Middle Weichselian ice advance (Warnow advance, Müller, 2004a, b; Obst et al., 2017) reaching MWP has so far not been incontestably confirmed . A possible correlation of this Warnow advance with the Danish Ristinge advance (56-46 ka) has been proposed by Houmark-Nielsen (2010) . However, because no absolute age data are available for the Warnow advance, the exact stratigraphic position is still unknown. One reason for this lack of data is the absence of deposits of Early to Middle Weichselian age in MWP. Hence, this time period is poorly documented across this area.
Sedimentological and geochronological results indicate that no ice advance reached the island of Rügen during MIS 3 (57-29 ka; Kenzler et al., 2015 Kenzler et al., , 2017 . Lacustrine and fluvial depositional environments dominated the steppe-like landscape at that time. A cooling phase during the transition from MIS 3 to MIS 2, which was possibly associated with the Klintholm advance (32 ± 2 ka; Houmark-Nielsen, 2010) known from Denmark, preceded the Last Glacial Maximum (LGM) with its massive Scandinavian Ice Sheet (SIS) advances . New luminescence ages for sandur deposits genetically related to the Brandenburgian ice marginal position (Lüthgens et al., 2010a (Lüthgens et al., , b, 2011 raised the possibility of a two-folded LGM in NE Germany Hardt et al., 2016) , casting doubt on the traditional interpretations of the main Weichselian ice advances in this area.
The Last Glacial Maximum (27-13 ka)
We still only have limited knowledge about the depositional environments and processes, the oscillation of the SIS during the LGM and early Late Glacial, and especially the deglaciation sequence of NE Germany between 25 and 14 ka, which has only been locally dated. The first unequivocal evidence of a Weichselian ice advance reaching MWP has been dated at about 25-20 ka (Kenzler et al., 2015 Pisarska-Jamroży et al., 2018) . This time roughly coincides with the palaeo-geographical reconstructions of the SIS extent in the southwestern Baltic Sea area by Hughes et al. (2016) . This Late Weichselian glaciation created new landforms, such as end moraines, dead-ice holes or drumlins. Morphostratigraphical evidence, combined with provenance analyses of the till fine gravel (4-10 mm) content (TGL 25232, 1971 ), provides the basis for a subdivision into distinct classes (Nordic crystalline, Palaeozoic limestone and so on). The lowest member of the glacial sequence is the till sheet of the Brandenburgian Phase (W1B), together with its proglacial outwash deposits. Nearby the southern ice marginal zone till deposits of the W1B are often absent, which might be explained, at least partly, by solifluction and smoothing of the morphology due to the strong periglacial conditions during MIS 2 . The oscillating character of the W1 glaciation is documented in the deposits and end moraines of the Frankfurt(Oder) subphase (W1F), which is classified in NE Germany as a W1 readvance. In MWP both W1 subphases (W1B and W1F) are preserved together in a single till layer with no clear lithostratigraphical differences (Rühberg and Krienke, 1977) . After a subsequent short deglaciation phase, the SIS readvanced into NE Ger- many (W2 -Pomeranian advance, Müller et al., 1995) , which took place in two separated phases associated with distinct geomorphological features, such as different end moraines. The early Pomeranian advance (W2FP) pushed locally more southward as the "Pomeranian main advance" (W2P, Fig. 2 ), whereas the main Pomeranian advance formed pronounced end moraines, representing the main watershed between the catchment area draining into the Baltic Sea and the Elbe river catchment area flowing into the North Sea. The most important gravel and sand resources of MWP are related to the large proglacial outwash plain of the Pomeranian sandur areas. Based on recent work along the gas pipeline trenches crossing MWP (e.g. Börner et al., 2011; Börner and Müller, 2012) , the place of the third Late Weichselian readvance of the "Mecklenburgian phase" (W3, Rühberg, 1987 , Müller, 2004a , including the Velgast substage (W3V, Bremer, 2000) , in the stratigraphic hierarchy remains controversial.
The Late Weichselian deglaciation and the
Holocene (13-0 ka)
The landscape and the soil development in NE Germany show a clear relationship between the successive stages of the retreating SIS and the development of periglacial conditions (Liedtke, 1993) . A first phase of intensified dead-ice melting, associated with intensive soil erosion, correlates with the Earliest Dryas and Bølling-Meiendorf . Evidence for the presence of periglacial conditions and related soft-sediment deformations is found numerous in the soil profiles (Kopp, 1965 (Kopp, , 1970 . These "periglacial trans-formed" soils display zones of distinct signs of periglacial transformation, such as a high concentration of clay/silt, which resulted from congelifraction and other processes. The Geschiebedecksand "pebble cover sand" represents a stratigraphic marker of periglacial origin due to frost heave, deflation, aeolian sedimentation and finally destratification (Kopp, 1970) . The transformation, duration and intensity of climate conditions during the Weichselian deglaciation and Holocene period, as well as the soil formation, have been investigated in detail on the Pomeranian outwash plains (Küster and Preusser, 2010) and were found to be mainly influenced by intensive aeolian deflation and deposition. Within the covers and layer, a brunic Arenosol has been identified in MWP (Lorenz et al., 2002 Kaiser et al., 2009) , which is associated with the Allerød "Finow soil" in NE Brandenburg (Schlaak, 1993 (Schlaak, , 1998 . The development of a dense vegetation cover during the Early Holocene resulted in stabilisation of the landscape surface and subsequent soil formation. Often the dead-ice melting was followed by the formation of small lakes. Near Dobbertin at the Mildenitz river basin, the late glacial melting of buried dead ice occurred 14.5 kyr ago (Zawiska et al., 2014) . The melting phase resulted in a reshaping of the lake basin morphology by new depressions, which were filled by glaciofluvial in-and outlets. Radiocarbon ages of buried birch trunks and basal peat indicate a first peat formation soon after the beginning of the Weichselian Late Glacial period ("Meiendorf-Interstadial" , Fig. 1 ). The postglacial river-lake system in NE Germany was part of an immature drainage framework located along the Weichselian belt of northern central Europe. Frequent and abrupt changes in flow direction and the presence of numerous stagnant ice depressions occurred in the river valley Kaiser et al., 2007; Błaszkiewicz, 2011) . During the Allerød interstadial, the lake levels declined and fluvial activity decreased. As a consequence of the expansion of Betula-Pinus forests, soil erosion decreased and mainly organic sediments were deposited in the basins. The oldest known human settlement in NE Germany, the elk-hunter camp at the Endingen archaeological site west of Stralsund, has been physically dated to the early Allerød (Kaiser et al., 1999) . Remains of giant deer and horse indicate the existence of open parts in the landscape (Benecke, 2000) . The pollen succession from a limnic section shows a palynostratigraphy ranging from the "Bølling" (Hippophae phase) to the middle Allerød. The tephrostratigraphy of lake sediments at the Endinger Bruch site provides the first age model for the Late Glacial palynological records of NE Germany (Lane et al., 2012) . The cryptotephra contained six tephra layers of volcanic eruptions from Germany and Iceland spanning from the open vegetation phase I (Bølling) to the Early Holocene Betula-Pinus forest phase (Preboreal, 10.5 ka). Especially the Laacher See Tephra (12.9 ka cal BP, Eifel Volcanic Field in NW Germany) is present in very high concentrations within sediments of the Allerød phase (Lane et al., 2012) .
The Younger Dryas (YD) is associated with a marked increase in fluvial and aeolian sedimentation, and lake-level high stands (Lorenz, 2007; Kaiser et al., 2007) . In the open landscape during the YD, the soil erosion activity increased again and fluvial dynamics enlarged. There are clear indications of increasing aeolian activity mainly in the second part of the YD cooling phase. The YD in NE Germany was followed by Early Holocene lake-level low stands and a subsequent stabilisation phase with decreasing silicate input and increasing organic lacustrine deposition. The soil erosion was reduced and probably the final melting of the last remnants of buried dead ice blocks took place in the Preboreal . The infilling continued until peat accumulation and terrestrialisation of lake basins became widespread during the Middle to Late Holocene. Beginning in the Late Holocene, the anthropogenic influence became important mainly through an increase in sediment supply due to deforestation and a rise in agricultural land use. In addition, mill stowage, river course corrections and anthropogenic lake-level modifications have increased stepwise since the 12th century CE.
Areas of specific interest and ongoing research
The peninsula of Jasmund on Rügen, located in the southwestern Baltic Sea area, is a landform that displays largescale glaciotectonic folding and thrusting (e.g. Steinich, 1972; Groth, 2003; Ludwig, 2011; Gehrmann and Harding, 2018) . Late Cretaceous and Pleistocene deposits exposed along impressive sea cliffs form part of a major fold and thrust complex. It developed as a result of Late Weichselian glaciotectonism (ice-marginal glacial tectonics) associated with the highly dynamic Baltic Ice Stream. The latter drained the SIS in a south-westerly direction during the Late Weichselian and the peninsula of Jasmund was situated at its southern marginal zone Böse et al., 2012; Hughes et al., 2016; Hardt and Böse, 2018; .
Detailed macro-and microstructural studies have developed a kinematic model to explain the bi-lobed structure and the internal architecture of the glaciotectonic complex (Gehrmann, 2018; Gehrmann et al., 2019) . Sedimentlandform associations and flow-direction criteria derived from a variety of glacial deposits have been used to reconstruct successive glacial advances and retreats of this mobile ice sheet across the peninsula of Jasmund. The age of main ice advances and minor fluctuations have been reconstructed by luminescence dating in combination with lithostratigraphic, sedimentological and micromorphological investigations of the (glacio-)fluvial, lacustrine and aeolian deposits (e.g. Steinich, 1992; Panzig, 1995; Ludwig, 2006; Müller and Obst, 2006; Kenzler et al., 2017; Kenzler and Hüneke, 2019) . The microfabrics within the tills laid down by the SIS have been studied by means of two-and three-6 A. Börner et al.: The Quaternary sequence of Mecklenburg-Western Pomerania dimensional analyses based on the microstructural mapping, which enables the identification and interpretation of the successive generations of fabrics in terms of a progressive, polyphase deformation history (Brumme, 2015; Brumme et al., 2019; Gehrmann et al., 2017 Gehrmann et al., , 2019 Mehlhorn et al., 2019) . The orientation of these microfabrics can be directly related to changes in the regional ice-flow direction across the peninsula of Jasmund.
The strongly curved coastline of Western Pomerania is initially followed by a morphologically inconspicuous inland. The slightly undulating morainic areas with dominating ablation tills were most likely formed by rapid Late Weichselian glacier decay without oscillations from the ice margin of the Mecklenburgian Phase (Rühberg, 1987) . Due to intense weathering, the predominantly loamy tills are characterised by cambic soils and partly hydromorphic Luvisols . From a regular network of subglacial channels, large ramified river valleys and mires emerged from the Late Weichselian onwards, mainly driven by a rising groundwater table since the Early Holocene, while lower river sections were influenced by the rising level of the Baltic Sea (Janke, 2002; Kaiser et al., 2012) . A valley section of river Tollense near the village Weltzin about 25 km north of Neubrandenburg holds spectacular archaeological findings, attributed to violent conflicts in the Bronze Age about 3250 years ago (Jantzen et al., 2011; Lidke et al., 2018) . Large quantities of human bones, arrowheads and other types of weapons, and metal findings have been preserved in the deposits of river Tollense. The assumed starting point of the battle is a pathway currently overgrown by peat, which crossed the river and surrounding mire (Jantzen et al., 2014) . Results of archaeological excavations and interdisciplinary research on the found materials, as well as geoscientific results on the Bronze Age palaeoenvironment, are presented in Brinker et al. (2018 ), Flohr et al. (2015 , Krüger et al. (2012) , , Price et al. (2017) , and Lidke and Lorenz (2019) .
The lake district of Mecklenburg ranges between the Weichselian ice marginal zones of the Brandenburgian and Pomeranian Phase with a broad variety of lakes and rivers (Rühberg, 1999; Kaiser et al., 2012; Janke, 2004) . While some parts still belong to the Baltic Sea catchment, the larger lakes drain via tributary waters and eventually the river Elbe to the North Sea. Lake Müritz (113 km 2 , 62.1 m a.s.l.) is the largest lake of the Mecklenburg lake district and represents together with the city of Waren/Müritz the tourist centre of the area (Rühberg, 1999; Grundmann, 1999) . South and northwest of the city large interconnected lakes, the so-called "Upper Lakes", can be found as relics of vast Pleniglacial and Late Glacial palaeolakes (Kaiser, 1998) . In the southeastern continuation of the lake district, smaller lakes and chains of lakes characterise the landscape . During the last decade, geoscientific research has focused on Holocene palaeohydrology and morphogenesis of lakes and river valleys, and the pedological tracing of land use history (Kaiser et al., 2012 Küster, 2014; Lampe et al., 2009) . Typical sections of the lake landscapes are protected in the Müritz National Park, while the nature experience centre Müritzeum in Waren exhibits collections of indicator boulders, fossils, plants and animals (Küster, 2019) .
The lacustrine basins of Krakower See and Tiefer See are genetically related to glaciofluvial incision very close to the ice margin of the Pomeranian Phase, followed by a delayed thawing of buried dead ice between the Meiendorf Phase and the Preboreal with remarkable lake-level fluctuations. Detailed palaeoenvironmental studies on lake sediments, and pedological and geomorphological studies on lake terraces, palaeosoils and adjacent river valleys have been used to reconstruct Weichselian Late Glacial and Holocene lake-level fluctuations and Holocene land-use history (e.g. Kaiser et al., 2007; Lorenz, 2008) . While Krakower See exhibits two lake terraces with littoral landforms such as beach ridges and palaeosoils (Lorenz, 2007) , Tiefer See basin is remarkably deeply incised with a narrow littoral zone, which allowed varve formation during long parts of the Holocene (Kienel et al., 2013) . In addition to various sediment cores, Tiefer See was equipped with multi-purpose samplers and measuring devices to establish an interdisciplinary field laboratory for the ICLEA Helmholtz Institute (Schwab et al., 2017; Brauer et al., 2019) . The applied combination of long-term highresolution varve analyses with in situ sampling of present detrital components on the lake bottom and dendroecological analyses has revealed complex coupled processes working at different timescales (Czymzik et al., 2015; Dräger et al., 2014; Theuerkauf et al., 2015; van der Maaten et al., 2015) . Data availability. All data relevant for this contribution are presented within the article itself or the publications cited (key publications are Küster et al., 2012; Kenzler et al., 2017) .
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